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INTRODUCTION AND OBJECTIVES 

In partnershtp with and with financfal suooort from the 
Biotechnology Resources Branch (BKBI of the Dlvlslon of Research 
Resources, Katlonal Institutes of Health (NIYIr Stanford 
University is develot?lns and operatlnlq a National Shared Computing 
Resource to explore advanced applicatlans of computer science In 
health research, The SUMEX (Stanford University Medical 
Experlmental Computer) fecilltyr under Professor Joshua bederberg 
B-9 Prlnc(Pal Investigatorp Is matlonal In scope in that a major 
Part of its comput4hq capacjtv ~411 be made auallahle to 
euthorlzed research groups throughout the country by means of a 
communicettons network, There are two ma4n objectives of the 
facllltvl 1) the specific encouragement of applications of 
artificial 4ntelllgence IIn mcdicjne (AIM) and 21 the managerial, 
adm4n4strativer and technical demonstration of a national shared 
technoloo4cal resource for health research, 

The emergence of more economical technologies for data 
communications allows a liberation from geogranhically organtzed 
facilities in favor ot the concentration of functionally 
soeclalited capabilities at different sites, In addition to the 
economic advantages of resource sharing? a closer {nteraction 
between djverse research efforts is expected to promote a pore 
systematic exchange af research products aRd Ideas, this is 
particularly true 4n computer science where technlcal complexities 
have tended to encourage the development of relatively (solated 
groupsl each pursuing a line of research and program development 
and making limited use of the working Programs available from 
others, The SUMEX-AIM project seeks to lower these barriers fn 
the specific area of arttflclal Intelllgcnee applied to health 
research. Indeed, mult4lateral commun4ty-building rather than 
unilateral service 4s the projectls essential mandate, 



"ARTIFICIAL INTELLIGENCE" PtSEQHCW 

The term “artificial intelliqence” (AI) is applied to 
research efforts aimed at studying and mechanizing information 
PPocess4ng tasks that have generally been considereu to require 
human intelligence, The current emohasis In the field is on 
efficient acquisition and utilization of material knowledge, and 
representation of conceptual abstractions in Problem solving 
processes, AI svstems are characterjzed by complex information 
processes that apet to a large extent, non-numeric, ergrl graph 
searching and symbolfc pattern analvsls, They involve procedures 
whose execut4on is controlled by different tvoes and forms of 
knowledge about a given task domain, such as models, and fragments 
of “advice” in the form of systems of constraints or heurlstjc 
rules, Unlike conventional algorithms commonly based on a well- 
tailored method for a qlven taskp 41 Procedures typically use a 
multiplicity of methods in a highly conditional manner - depending 
on the specific data in the task and on a vapIety of sources of 
relevant information, 

For example, an AI system for data lnteroretation would 
assist a user at a higher conceptual level than the application of 
a numerical algorithm for curve fitting bv suggesting and 
evaluating analytical expressions to match the data, Thus it mav 
include deciding what model best describes the data source and 
what actloPs to take as a result, Such a Model would be based on 
the data itself and on other pieces of information which may be 
relevant to constraining a solution, Inherent in these brocesses 
are a store of general symbolic knowledge about the problem domain 
describing what fs fact! what is reasonable and unreasonabler and 
what solut4ons have worked in the Past9 Using an abilitv to 
communicate effectively with the problem data source and a human 
userr the programs might examine the knowledge base to construct 
and test blauslble explanations of a particular set of data and to 
Project and decide among subsequent alternative chursts of action, 

This type of “intelligent” assistance by computer program 
is Pephaps best illustrated by a number of examoles taken from on- 
going research efforts Identjfied as inltlal users of the 
facllitv, The DENDQAL project at Stanford Is aimed at asslstina 
the biochemist fn fnterpretlng molecular structures from mass 
spectral and other chemleal Information, In cases where the 
characteristic spectrum of a compound Is not catalogued in a 
library! these programs carry out the rather laborious Drocesses a 
chemist must go through to interpret the spectrum from “first 
PrlncI~les,‘t by symbolically generatinq “reasonable” candidate 
structures from hints within the sbectrum and a knowledge of 
organic chemistry and mass saectrometryr the program infers the 
unknown structure to be the one which best explains the observed 
soectrumr There is no direct alqorjthmic oath available to 



determine such a molecular structure from the spectral data - only 
the inferentjal urocess of hypothesis generation and testing 
within the domaIn of reasonable solutions defined by a kPouledae 
of organ!c and phys4cal chemistry. 

This processI as lmpltmented fn the computer, Is a 
slmollfled example of the cycle of Inductive hvoothesls - 
deductive verification that Is often taught as a model of the 
sc4entific method, (Hhether this Is a faithful description of 
contemporary science 4s arguable; and bob it may be implemented in 
the human brain is unknown, In anv case? these are useful leads 
rather than absolute precondltlons for the pragmatic improvement 
of mechanized intelligence for more efficient problem solving,) 
The elaboration of these aoproaches as deeplv as we can with 
existing haFdware and software technologies 4s the most prom4sing 
approach to enhancing the aoplication of the computer to the 
vaguely structured problems that dsmdnata our task domafns, 

A project related to DENDRALl carried out in collaboration 
wlth the Unlverslty of Callfornla at San Diego, seeks to Infer the 
structures of complicated protedns from x-ray crystallograohlc 
data through a slnllar parsdjgm of hvpothesizjrg reasonable 
structures and testfng their abilitv to explain the observed data, 

Other projects at Stan!ord and Rutgers Un!vers(tv seek to 
assist experimentally In dlagnoslnq dfsease and suggesting 
treatment IL In these cases the input data are clinical symptoms 
and physical and biochemical measurements and the knowledge domaln 
Is the phvsiology and pathology of various organ systems as well 
as the effects and interactfans of courses of treatment, Current 
applications of this work are in the areas of 4nfect4ous djseases 
end ddseases of the eye” Long term applicat(ons of these tyaes of 
computer orograms might be to consolidate and reconcile the 
knotiledge from a djverse ~FOUP of axoerts or to enable more 
effective treatment of disease In locations that lac4 access to 
SPeclalired expept4se. 

Other examcJles, in areas of psychology, are aimed at 
building and testing complex models of human cognitive and 
affective processes9 Proqrams are being designed at Stanford to 
simulate paranoid or other behavior patterns in response to 
natural 1 cngucge dl scourse, Embedded in such programs are a 
general symbolic model for the behavjor type and an abilltv for 
natural language communicct4on. In response to a human userr the 
program seeks to understand input discourse fn terms of the 
behavioral model and to oroduce apcropricte English language 
sentences 4n response, Applicat4ons of this work mav be to 
/mprove our understanding of oarticulcr hehavlor patterns bv 
systcmctlzlng the characteristics of models which emulate them or 
to asslst in trainlnq medical students In psvchlatrvq 



A system 4s being UevelODed at Rutgers which takes as an 
input a social enisoder 4.e.r an account of a sequence of actions 
involving the interactions of several persons bithfn some social 
contextr ap‘ld it qenerates am fnterpretation of the eeisode 4~ 
terms of intentions and reasons that might have motivated the 
persons in the episode to perform their actions, This system is 
based on a model-consisting of a body of rules of belief (about 
specific people! actions, apd motivations) and a strateqv of 
Interpretation, ApDllcations of the svstem may be in Improvinq 
communication processes such as the psychiatric interview, 

These examples are gfven for the purpose of concrete 
illustration of the tvpes of problem areas we seek to erDlore, 
They are not intended to bound the domain but rather to stimulate 
new ideas clonq the lines of “intelligentV’ Programs wi th medical 
applications, These terms are not precisely defined at th4s time 
and OUP objectives might better he phrased (n terms of “advanced 
computer science concerned with mechanized theory formation and 
problem solving in medical research and oractice,f’ We will 
emphasize the Dast aehievements of AI-oriented and AI-labeled 
research in Providing facilities for further advances such as 
svvbolic knowledge representatjon and manipulation, concept 
formationr problem solvingr learning, and natural human 
communication (e.g. language, speech, vision, etc,), 

MANAGEkENT AND USER QUALIFIGATIONS 

The SUMCLX-AIM facility is community-oriented and its 
organizational structure is befng established to emphasize user 
support and interactions among user groups, The following 
summarizes the overall structure es it is tentctlvelv constituted, 
Additional detail will be orovfded as appropriate, givinq specific 
information about how Prospective users may gain access to the 
facility, 

The user community is divided for administrative purposes 
Into two groups: 11 those at the Stanford Medical School [local 
to the fccilitvl and 2) those elsewhere in the country and at 
Stanford, The facilftv resources (camputinq capacity and 
manDower> will be allocated In equal oortions to these two groups, 
Stanford Hedlccl Sehool users will be qualified for access to the 
facility by Dr. Lederberq In his caoaclty as Principal 
Investigator for the SUMEX orant, The national user group will 
gain access to and be reoresanted in the aeslgn, development, and 
alloeation of the facllltv resources through an advlsorv group for 
a national Program In Artificial Intelligence in Medicine (AIM), 
The AIM Advisory Group will consist of members at targe of the AI 
and medical communltiesr facilltv usersp and the Princiual 
Investigator of SUMEX as an ex-officio member, A representative 



of the fjIH=bRd will serve as Executive Secretary, It will advise 
the AIM Executive Committee, rhose responsibility is to give 
overall direction to the national AIM program, The AIM Executive 
Committee consists of the Principal Investigator of the SUMEX 
Project, the Princioal Investigator of a series of workshoos OP AI 
applications in medicine, a rebzresentatlve of the NIH=RWR, and a 
representative of the AIF Advisory Groupl 

Besides its charqe to review potential uses of the SlJMEX- 
AIM facility, the AIM Advisory Group will advise the AIM Executive 
Committee on the allocation of funds needed to assist In 
interfacing recommended new USeFS, The SUMLX-AIM cornouting 
resource wlill be made available to qualified users without any 
chargel which cf course entails a careful Feview of the merits and 
Priorities of orooosed aoplications, At the discretion of the 
advisory grouor attendant communication and transportation costs 
to allow specific users to gain access to the facility may be 
covered as dellb 

Qualifications for new users and the details of NPAIM 
assistance to users will be more specific at a later time, In 
general termsr horJeverr ootential users will be judged on the 
basis ot: 

1, The sc4entiffc interest and merit of the proposed 
research, 
2. The relevance of the work to the AI approach of SUMEX-AIM 
as may be indicated in part by the need for the soecialized 
SUMEX facilities as ooposed to other computing alternatives, 

3, The prospective contributions and role of a user In the 
communityr erg.r developing and shar/nq new systems or 
aopllcatlors orogramsr sharing use of special hardware, etc. 

4, The userls capability and intentions of operating in a 
community-effective style for mutual advantage, Besides the 
programming innovations that some users may be able to 
contribute, all arc expected to furnfsh eroert knowledge and 
advjce about the existing art in the fields relevant to their 
spec/al interests, 

The overall objective will be to promote AI applications 
of high scientific merit among an extensive qrouo of eomoetent 
uscrsr consistent with maintainlPg a resnonslve and productive 
computing envfronment, The initially approved loading is 
estimated to he about 30% of the total SUMEX-AIM caDacityp leaving 
a substantial capacity for new research grouos to enter at this 
time, 



TECHNXCAL CAPABILITY 

The comouter facility, consisting of a Digital Equtoment 
COrPOraCiOn mode! KI-10 central processor operating under the 
TENEX time-sharing monitorr is scheduled to be available in a 
limited fashion in June 1974, and to be fully operational in 
September, The system will have initially 197K words (36 bit) of 
high speed memoryl 1,JM words of swaoping storage? 4OM words of 
disk storage) Z 9-track, 800 bpi ~ndustryncompatible tape units; 1 
dual OEC tape unit: a line orinterf and communicat4ons network 
interfaces provldlnq user terminal access, At the present time 
the choice of a communications nethark apDr*oach is be(ng 
finalized, Hokevert soee4allzed users will In any case find that 
the communications costs ape small cornoared to the value of access 
to the system" This hardware complement may be expanded In the 
fUtUPe based on evallable funding and justified user commun/ty 
needs, 

Software support will evolve from the basic system as 
dictated by user research goal9 and requirements, Initially 
ava4lable programs will include a variety of TENEX user? utflltyr 
and text editor programsI Major user languages will include 
INTERLISP, SNOPQL, SAIL, FORTRANllO, BLISS-/O, BASICf and MACROw 

Dr. Joshua Lederberg 
SUMEXqAIM Cornouter ProJect 
Stanford University Medical Center 
Stanford, California 94305 


